Background: Alcohol-induced cerebellar neurodegeneration is a neuroadaptation that is associated with chronic alcohol abuse. Conventional drugs have been largely unsatisfactory in preventing neurodegeneration. Yet, multimodal neuroprotective therapeutic agents have been hypothesised to have high therapeutic potential for the treatment of CNS conditions; there is yet a dilemma of how this would be achieved. Contrarily, medicinal botanicals are naturally multimodal in their mechanism of action. Aim: The eff ect of L. owariensis was therefore assessed in alcohol-induced neurodegeneration of the cerebellar cortex in rats. Materials and methods: Two groups of rats were oro-gastrically fed thrice daily with 5 g/kg ethanol (25% w/v), and 5 g/kg ethanol (25% w/v) plus L. owariensis (100 mg/kg body weight) respectively in diluted nutritionally complete diet (50% v/v). A control group was correspondingly fed a nutritionally complete diet (50% v/v) made isocaloric with glucose. Cytoarchitectural study of the cerebellar cortex was examined with H&E. Immunocytochemical analysis was carried out with the use of monoclonal antibody anti-NF in order to detect alterations in the neuronal cytoskeleton. Results: After 4 days of binge alcohol treatment, we observed that L. owariensis supplementation signifi cantly lowered the levels of histologic and biochemical indices of neurodegeneration. The level of neurodegeneration and cytoarchitecture distortion of the cerebellar cortex of rats exposed to ethanol was reduced by L. owariensis. Neurofi lament-immunoreactivity (NF-IR) was evoked in the Purkinje cells of rats that received L. owariensis supplement. Conclusions: L. owariensis attenuates alcohol-induced cerebellar degeneration in the rat by alleviating oxidative stress and alteration of NF protein expression in the Purkinje cells.
BACKGROUND
Cerebellar degeneration is one of the long-term consequences of chronic alcohol consumption. It is characterised in about 60% of chronic alcoholics by a gradual developing gait ataxia. 1 Cerebellar symptoms usually begin in the middle-aged individuals with a marked history of chronic alcohol abuse. 2 Studies have shown that excessive exposure to alcohol leads to loss of neurones in the cerebellar cortex, including depletions of the cells in the Purkinje layer and vestibular nuclei. For some unknown reasons, cerebellar degeneration frequently begins in the superior vermis and spreads subsequently to the cerebellar hemispheres. 3, 4 However, in all instances, the Purkinje layer is noted for being the most vulnerable part of the cerebellar cortex and has been reduced in the vermis of chronic alcoholics to nearly half its normal population. 1 The susceptibility of the Purkinje layer is independent of the lobe or lobule that constitute its anatomical location within the cerebellar cortex. The loss of Purkinje cells in the lateral lobes has also been associated with mental dysfunctions possibly due to the speculation that the cerebellum plays a critical role in the modulation of higher cerebral functions. 1 The deleterious consequence of alcohol in the brain includes a direct toxic effect on Purkinje cells, an inhibitory role in the GABA neurogenic system, and the induction of lipid peroxidation which causes a reduction in the level of antioxidant concentrations in the brain. 5 The loss of neurones in alcoholics is potentiated by vitamin B1 defi ciency which results from a poor diet, a common feature with alcoholics. 6 This degenerative cascade included the direct toxic effect of vitamin B1 metabolism. Interestingly, studies suggested that a long-term alcohol exposure is not required to produce neurodegeneration. 7, 8 Indeed, neurodegeneration has been observed in the cerebellar cortex after a single binge alcohol episode. 7, 9 Interestingly, animal models of binge drinking showed a blood alcohol concentration (BAL) similar with those observed in chronic alcoholics. 10 Hence, the critical issue with alcohol-driven neurodegeneration is that it does not depend purely on the duration of alcohol consumption, but essentially on the prevailing blood alcohol concentration per time. Regrettably, the pharmacological agents that are currently available for the treatment of alcohol use disorders (AUDs) have limited clinical effi cacy. 11 These medications primarily targets the motivational properties of alcohol, while its neurodegenerative effect, the key element that drives the progression into an alcohol addiction, is not managed by these specifi c remedies. 11 It is now generally acknowledged that multimodal neuroprotective agents possess high therapeutic potentials for the treatment of CNS conditions. 12 However, determining the conventional agents that would be safe and effective when formulated into a single agent with a multimodal mechanism of action remains critical. 13 Experience has shown that it is diffi cult to gauge against the occurrence of complications in human trials; even in the non-multimodal trial protocol for CNS conditions. 14, 15 Fortunately, medicinal plants eliminate the problems of not knowing which conventional agents that would be unequivocally safe and effective as a formulated agent with a multimodal mechanism of action. Since the active principles in medicinal botanicals are already naturally combined, and are multimodal in their mechanism of action. 16, 17 Hence, they achieve a form of therapeutic synergy that is not classical with synthetic drugs. 16, 17 Landolphia owariensis P. Beauv (family Apocynaceae) is a medicinal plant that is widely distributed in the African continent. The previously reported pharmacological activities of L. owariensis includes antimicrobial, antioxidant, anti-infl ammatory, analgesic, antiulcer and gastric anti-secretory effect. 18 Most of the activities observed in the various anatomical segments of L. owariensis were attributed to its antioxidant constituents. Landolphia owariensis latex, a non-pH dependent biopolymer, showed great potential as a colon system specifi c drug release and controlled drug release. 18 We hypothesised, judging from these pharmacotherapeutic properties, that L. owariensis could have a neuroprotective property. Hence, this study evaluated the effect of L. owariensis in the cerebellar cortex of rats exposed to excess ethanol. Neurofi lament immunohistochemistry was done to assess the structural integrity of the neurones following L. owariensis administration.
MATERIALS AND METHODS

EXTRACTION, LD50 DETERMINATION, AND DOSE SELECTION
The bark of the climber of L. owariensis was washed with water to remove debris. It was then dried at 50°C in an oven, after which it was comminuted into coarse powder. Two hundred grams (200 g) of coarse powder was macerated in 70% ethanol for 48 hours at room temperature (26 -36°C). Filtrates were concentrated in vacuum at 35°C to obtain the extract. Drying of extract was completely achieved in a desiccator as monitored by a silica-gel self indicator. The mean percentage yield was 15 g (7.5%).
The acute toxicity test (LD50) for L. owariensis (per oral) was determined by the Lorke's method. 19 Briefl y, extract of L. owariensis were administered at doses of 1000, 2000, and 3000 mg/kg respectively to three groups of rats (n=3 per group). No mortality was observed in any group over a period of 48 hours. Based on this, a dose of 100 mg/kg was selected since the long-term goal was to assess the viability of L. owariensis as a supplement.
ANIMALS
Thirty adult male Wistar rats (240-300 g) were randomly divided into three groups consisting of ten animals per group: control (A), alcohol (B) and L. owariensis (C). Rats were maintained on a 12 hour light-dark cycle and had free access to rodent chow and water. However, rats were deprived of chow overnight before the start of the experiment. Rats were handled according to the guidelines for animal research as detailed in the Guidelines for the Care and Use of Laboratory Animals by the National Research Council of the National Academy of Sciences.
INDUCTION OF CEREBELLAR NEURODEGENERATION
Alcoholic cerebellar neurodegeneration was induced as previously described. 7 Briefl y, rats were infused through an orogastric gavage tube. Groups B and C rats were given an initial dose of 5 g/kg ethanol in a solution of 25% (w/v) ethanol in diluted nutritionally complete diet (50% v/v, Vita milk ® Ghana). In addition, group C rats received an extract of L. owariensis (100 mg/kg body weight). These treatments were administered approximately 8 hourly for 4 consecutive days at about 6 a.m., 2 p.m., and 10 p.m. Except for the initial 5 g/kg dose, subsequent doses were determined using a six-point intoxication scale. Control animals (group A) received a diet of Vita milk ® (50% v/v) made isocaloric with glucose. During the four days of diet administration, rat chow was removed but water supply was freely available.
BRAIN ISOLATION After 4 days, rats were sacrifi ced under anaesthesia. Rats for histological and immunohistochemical studies were anaesthetized with a mixture of ketamine (75 mg/kg) and diazepam (2.5 mg/kg) (ip) and were transcardially perfused with 10% phosphate buffer formal saline (0.1M, pH 7.4) solution. After complete perfusion, rats were rapidly decapitated and heads with the brain in situ in respective cranial cavities were completely immersed in 10% phosphate buffer formalin saline for 48 hours. Additionally, rats for biochemical investigation were rapidly anaesthetized with dichloromethane. The brain was then carefully removed and the cerebellum excised for biochemical investigation.
TISSUE PROCESSING Brains that were already fi xed in situ were exposed and excised from the respective cranial cavity. The cerebellum was carefully excised and transferred to ascending grades of alcohol for dehydration, and then cleared with xylene. They were embedded in paraffi n wax overnight, serially sectioned at 5 μm thickness with a rotary microtome, mounted on a glass slide and stained routinely with Haematoxylin and Eosin.
HISTOLOGICAL STUDY
The representative sections (n=6 per group) were evaluated for damaged/degenerating neurones. They were identifi ed by any of these three criteria: intensely eosinophilic cytoplasm, loss of Nissl substance and pyknotic nuclei/cell body shrinkage. A Purkinje cells-based semi-quantitative scale was adapted and scored thus: no degenerating Purkinje neuron=0; 1/2 degenerating Purkinje neurons=1; 3/4 degenerating Purkinje neurons=2; 5/6 degenerating Purkinje neurons=3; more than 7 degenerating Purkinje neurons=4; 6 or more degenerating Purkinje neurons and neuropil vacuolation=5. The scores from all the sections from each group were averaged to give the histological index of neurodegeneration (HIN) for that particular group. Results of all three experimental groups were compared. All assessments were done using a 1 mm×2 mm grid graticulate at 400X magnifi cation in randomly selected areas of section.
IMMUNOHISTOCHEMICAL (IHC) STUDY
The avidin-biotin immunoperoxidase technique developed by Hsu and colleague (1981) 20 for paraffi n section immunohistochemistry was used in this study. ABC kit (Novocastra, Leica Biosystems Newcastle (UK), Mouse monoclonal anti-NF (Novocastra, Leica Biosystems Newcastle, UK, 1:100). Paraffi n sections 3 μm thick were mounted on slides and deparaffi nized. The endogenous peroxidase activity was blocked with either 30% hydrogen peroxidase in methanol (30 min). For antigen retrieval, the sections were boiled in 0.01M citrate buffer (15 min). Non-specifi c binding was blocked with 1% BSA (bovine serum albumin fraction V) (Novocastra, Leica Biosystems Newcastle, UK) TRIS solution 1 h. Thereafter, sections were incubated for 12 hours overnight (2 -6ºC) with the primary antibodies. Sections were rinsed in PBS solution and incubated with the biotinylated secondary antibody (Novocastra, Leica Biosystems Newcastle, UK) and horseradish peroxidase-conjugated streptavidin (ABC kit, Novocastra, Leica Biosystems Newcastle, UK), for 60 minutes. The antigen-antibody sites were then visualised with 3,3'-diaminobenzidine tetrahydrochloride (DAB) (Novolink DAB, Novocastra, Leica Biosystems Newcastle, UK) for 15 min. The sections were counterstained with hematoxylin, washed with tap water, dehydrated in alcohol, cleared in xylene and mounted in DPX.
DETERMINATION OF ANTI-NF REACTIVE AND NON-REACTIVE PURKINJE NEURONES
The anti-NF reactive versus non-reactive Purkinje neurone was counted using a 1 mm×5 mm grid graticulate at 400X magnifi cation. Grid was orientated to enclose the Purkinje layer of the folium of randomly selected portions of the hemisphere. The score of all the sections from each group was averaged to give a fi nal score for the particular group. Values were expressed as mean±SEM and were subjected to statistical analysis.
DETERMINATION OF TISSUE LIPID PEROXIDATION
Lipid peroxidation (LP), an indicator of tissue injury was estimated by measuring the tissue malondialdehyde (MDA) concentration. Tissue MDA levels were determined by the method described by Gutteridge and Wilkins. 21 Briefl y, samples of cerebellar cortex (approximately 0.2 -0.3 grams) were homogenised in 9 volume of 0.1 M ice-cold Tris buffer, pH 7.4. The homogenate was then centrifuged at 3000g for 15 -20 minutes to remove debris. After centrifugation, the supernatant was carefully decanted to sterile plane tubes and was appropriately labelled and then temporally stored at -15ºC. Tissue malondialdehyde level was determined in the homogenate as previously described. 21 Briefl y, 0.6 ml of the supernatant was added to 3 ml of glacial acetic acid in a test tube followed by the addition of 3 ml of 1% thiobarbituric acid (TBA) in 0.2% NaOH. The test tube was immersed in a boiling water bath for 15 minutes and then allowed to cool. The absorbance of the red coloured product formed was read in a spectrophotometer at 532 nm against a reagent blank to which was added 0.6 ml of distilled water instead of tissue extract. The concentration of MDA in the sample was estimated and expressed as mmol/g wet tissue.
PHOTOMICROGRAPHY
The microscopic image was transmitted to an LCD monitor by a microscope-camera-monitor composite contrivance as previously described. 22 Digital photomicrographs were captured directly by the attached computer, labelled appropriately and stored for analysis.
STATISTICAL ANALYSIS
A one-way analysis of variance and the Tukey's post hoc test were used to assess the signifi cance of differences between groups (GraphPad Prism 5, San Diego, USA). Values were generally expressed as the mean±SEM. A p value of α<0.05 was considered statistically signifi cant.
RESULTS
HISTOLOGICAL STUDY
The semi-quantitative scale values ranged from 0 to 5; with 0 indicating no degeneration and 5 indicating massive degeneration. The mean value of any particular group constituted the histological index of neurodegeneration (HIN) for that group, which gave an estimate of the extent of neurodegeneration within the group. HIN was highest in the alcohol group and the lowest in the control group ( Table  1) . There were signifi cant differences amongst the three groups. The control differs signifi cantly from the alcohol and L. owariensis groups (p<0.001 and p<0.05, respectively). Additionally, L. owariensis administered to alcohol-exposed rats signifi cantly lowered the histological index of neurodegeneration compared to the rats exposed to alcohol without L. owariensis administration (p<0.05). Suggestive, though based on morphological characterization, that L. owariensis may have safeguarded the cells of the cerebellar cortex from alcohol-induced damage.
EFFECT OF L. OWARIENSIS ON TISSUE MDA CONCENTRATION
To assess the extent of tissue damage associated with or without our treatment regime, the level of lipid peroxidation was assessed by tissue MDA concentration. The MDA level was the highest in the alcohol group and the lowest in the control NEUROFILAMENT (NF) IMMUNOHISTOCHEMISTRY L. owariensis administered as a supplement to alcohol-fed rats show differential expressions between neuronal soma and axons. The neuronal soma in the molecular, Purkinje, and granular layers were weakly sensitive to NF labelling in the control and alcohol groups (Figs 2A & B) . However, L. owariensis seem to upregulate NF-IR in the Purkinje cells (Fig. 2C) compared to the other groups. We found that axons in the alcohol group showed NF-IR in the white matter, and that the administration of L. owariensis to alcohol-fed rats reduced the intensity of NF-protein labelling in the white matter.
ANTI-NF REACTIVE VERSUS NON-REACTIVE PURKINJE NEURONE
In each grid fi eld of 5 mm 2 graticulate at 400X magnifi cation, we counted the total numbers of Purkinje neurone and then counted the numbers of anti-NF reactive Purkinje neurone. The mean numbers of Purkinje neurone (n/5 mm 2 ) for the control, alcohol and L. owariensis groups were 9.0±0.32, 5.6±0.51 and 7.2±0.37, respectively. ANOVA result showed that the mean numbers of Purkinje neurone differ signifi cantly amongst the groups (Fig. 2) .
There was a signifi cant increase in the number of Purkinje neurone in the cerebellar cortex of the rats that received L. owariensis supplement compared to the rats exposed to alcohol without supplement (p<0.05). This suggested, though incidentally, that L. owariensis supplementation to alcohol-exposed rats could reduce the level of alcohol-induced neurodegeneration. The mean values of anti-NF reactive Purkinje neurone in the control, alcohol and L. owariensis groups were 0±0, 0±0, and 6.6±0.40, respectively. NF-positive neurones were not visible in the other groups, which corresponded to a statistically signifi cant value of p<0.001. Correspondingly, the proportion of the anti-NF non-reactive neurone also varies signifi cantly (p<0.001) among the groups.
Although NF non-reactive neurones were present in the L. owariensis group, they were outnumbered in a ratio of 1:11.
DISCUSSION
The present study examined the neuroprotective potentials of oral administration of L. owariensis in a rat model of cerebellar alcoholic neurodegeneration. L. owariensis demonstrated a considerable neuroprotective effect in cerebellar alcoholic neurodegeneration. Animals treated with L. owariensis Figure 2 . Effect of L. owariensis on NF protein expression in alcohol exposed rats (NF labelling x 250). Free radical-mediated damage is common in the aetiology of most degenerative conditions of the brain because the brain characteristically has high lipid content and high oxygenation. Though high oxygenation yields large quantities of ROS, several parts of the brain that are rich in iron also promote the production of more ROS, which is involved in a cascade that exuberates neuronal injury, including an ROS-driven cellular damage mediated by lipid peroxidation. 23, 25 Furthermore, in alcohol metabolism, several intermediate products forms proteins adducts and complexes that generate more ROS in the brain and when the production of ROS overwhelms the endogenous antioxidant defences, a self-perpetuating free radical damaging reaction of lipid peroxidation is initiated which involves membrane damage, organelle dysfunction, and calcium dyshomeostasis. 25, 26 Ironically, the antioxidant defence system is poor in the brain. 27 Therefore, salvaging the cerebellum from oxidative damage by using antioxidant therapies is an important area of continuing investigation in alcoholic brain degeneration in general, and in alcoholic cerebellar degeneration in particular. Interestingly, our study also shows that L. owariensis can signifi cantly lower the level of lipid peroxidation in cerebellar cortex of alcohol-exposed rats. However, it could not completely eradicate cerebellar neurodegeneration mediated by lipid peroxidation, but could only attenuate or reduce it.
Our result confi rmed that the unstressed neuronal perikaryon is not a domain for strong neurofi lamentimmunoreactivity (NF-IR). Nonetheless, the neuronal perikarya may strongly express NF protein in some neurodegenerative diseases 28, 29 as observed in the present study. Furthermore, we observed wide spread NF-IR in the white matter of the alcohol group, which was however reduced by L. owariensis supplementation. Neurofi lament alterations have been associated with many CNS diseases including those affecting the cerebellum. 28, 29 Abnormalities in neurofi lament expression, transport and regulation have been identifi ed in several neurodegenerative diseases. Neurofi lament protein alterations are observed in many neurodegenerative diseases, such as Alzheimer, Parkinson, amyotrophic lateral sclerosis, and Charcot-Marie-Tooth. Many NF protein alterations potentially lead to the accumulation of neurofi laments over a long term. The neuroprotective potentials of medicinal plants in the cerebellar cortex have been shown in both in vitro 24 and in vivo 23 studies. Immunohistochemical evidence from our study indicated that L. owariensis caused an increase in NF protein expression in the Purkinje neurones. A critical question arising from this study is whether the increased NF protein expression we observed is benefi cial or detrimental to the Purkinje cells during alcohol toxicity. As shown in this study, anti-NF-reactive Purkinje cells overwhelmingly outnumbered the anti-NF non-reactive Purkinje cells and this coincided with a signifi cant increase in the numbers of Purkinje cells in the L. owariensis group compared to the alcohol group. Putting these in frame with our histological and biochemical analysis which shows that L. owariensis causes a reduction in the number of degenerating Purkinje cells and attenuates the degree of lipid peroxidation in the cerebellar cortex ( Fig. 1 and Table 1 ), we are persuaded that the activation of NF protein triggered by L. owariensis administration was plausibly benefi cial to the Purkinje neurones. It is widely accepted that despite all the diverse cellular functions that are attributed to the various form NF protein, they are, however, predominantly involved in providing structural stability to the neurones. 28, 29 Hence we opined that the increased expression of NF protein in the Purkinje cells of the L. owariensis-treated rats may be part of an elaborate mechanism that confers a sort of cellular resistance to alcohol insults. Stated differently, we opined that L. owariensis potentiates the structural stabilising role of the neurofi lament in the Purkinje cells of alcohol-exposed rat. The importance of Purkinje cells is perhaps emphasised by the fact that they constitute the only output neurone of the cerebellar cortex and consequently any alteration in their
